cognitive decline (decrease in MMSE score Ն3 points) compared with those with normoalbuminuria (microalbuminuria: OR, 1.22; 95% CI, 1.07-1.38; macroalbuminuria: 1.21; 0.94-1.55). Participants who developed new albuminuria had increased odds of cognitive decline during follow-up compared with those who remained normoalbuminuric (new microalbuminuria: OR, 1.30; 95% CI, 1.12-1.52; new macroalbuminuria: 1.77; 1.24-2.54). Participants with baseline macroalbuminuria treated with an angiotensin-converting enzyme inhibitor and/or angiotensin receptor blocker had lower odds of MMSE decline than participants treated with placebo.
Conclusion:
Factors that contribute to albuminuria may contribute to cognitive decline, supporting the notion that both conditions share a common microvascular pathogenesis. sive amounts of albumin have many of the same microvascular features that are foundinthebrainsofpeople withcognitiveimpairment,eg,capillarybasement membrane thickening, luminal narrowing, and leakiness. [1] [2] [3] These observations suggest that both conditions may share a common pathogenesis, and they may also share similar natural courses. Recently, several studies demonstrated that microalbuminuria and macroalbuminuria are associated with increased odds or risk of cognitive impairment. Given the cross-sectional nature of some of these studies [4] [5] [6] and the inconclusive results of the prospective studies (2 of which had Ͻ2 years of follow-up), [7] [8] [9] it would be of interest to perform larger studies with longer follow-up to confirm and quantifytheprospectiverelationshipbetween albuminuria and cognitive impairment. If such a relationship does exist, it will contribute to a better understanding of pathways leading to cognitive decline that may facilitate new approaches to prevention and possibly treatment.
The Ongoing Telmisartan Alone and in Combination With Ramipril Global End Point Trial (ONTARGET) and the Telmisartan Randomized Assessment Study in ACE [Angiotensin-Converting Enzyme]-Intolerant Subjects With Cardiovascular Disease (TRANSCEND) provide an opportunity to address these questions because both trials included participants with baseline and follow-up measurement of albuminuria and cognitive function. 10 A significant proportion of participants had albuminuria. In this study we determined (1) the association between the presence and severity of albuminuria at baseline and cognitive function at baseline and follow-up, and (2) the relationship between an increase in albumin excretion and change in cognitive function during follow-up. Our hypothesis was that the presence and severity of albuminuria and its progression were independently associated with decline in cognitive function. We also examined whether use of ACE inhibitors and/or angiotensin receptor blocker (ARBs) modified the association of albuminuria with cognitive function.
METHODS

POPULATION
The ONTARGET was a double-blind, randomized cardiovascular outcome study of 25 620 participants with vascular disease or diabetes mellitus (DM) with end-organ damage, randomly assigned to receive the ARB telmisartan (80 mg/d), the ACE inhibitor ramipril (10 mg/day), or their combination. It reported that the 2 medications were equal in terms of cardiovascular and renal outcomes, whereas their combination was associated with more adverse effects and offered no benefit other than reducing the level of albuminuria. 11, 12 A parallel study, the TRANSCEND, determined whether telmisartan was superior to placebo in 5926 patients who had the same eligibility criteria as in ONTARGET but were intolerant of ACE inhibitors. It demonstrated that telmisartan had no statistically significant effect on the primary cardiovascular outcome (cardiovascular death, myocardial infarction, stroke, or hospitalization for heart failure), but it reduced the risk of the secondary composite outcome of cardiovascular death, myocardial infarction, and stroke. It had no effect on cardiovascular or total mortality. 13, 14 The median follow-up of both studies was 56 months. Nested within these studies was a cognition study with serial assessment of Mini-Mental State Examination (MMSE). Repeated measurements of albuminuria were also obtained. All participants signed informed consent on study entry.
OUTCOME MEASURES
Cognitive function was ascertained by use of the MMSE at baseline and at the penultimate study visit. The MMSE includes 10 domain items, which relate to orientation to time (5 points), orientation to place (5 points), registration of new information (3 points), attention and calculation (5 points), recall (3 points), naming and repetition (3 points), items assessing language skills (8 points [2 naming items, repeating a phrase, following a 3-step command, readingandfollowingawrittencommand,andwritingasentence]), and design copy (1 point), the last being a brief measure of visual construction. The MMSE scale ranges from 0 to 30, with higher scores indicating better cognitive performance. The MMSE is a screening instrument to discriminate cognitive impairment and dementia. 15 ContextuallyappropriatetranslationsoftheMMSEwere used in several countries (Austria, Belgium, Czech Republic, Germany, Greece, the Netherlands, Finland, Norway, Sweden, South Africa, United Arab Emirates, and South Korea).
A decrease of 3 points or more in the MMSE score was considered a significant change in cognitive function and is a cutoff point that has been used previously. 16 An MMSE score of less than 24 has been used as a conventional cutoff point for clinically significant cognitive impairment.
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MEASUREMENT OF ALBUMINURIA AND OTHER LABORATORY TESTING
Albuminuria was measured as urine albumin to creatinine ratio before run-in and at the penultimate visit. A value between 30 and 299 mg per gram of creatinine (to convert to milligrams per millimole, multiply by 0.113) was defined as microalbuminuria. A value of 300 mg or more per gram of creatinine was defined as macroalbuminuria. Urine albumin was measured centrally by a turbidimetric method (Unicel DxC600 Synchron Systems; Beckman Coulter, Brea, California). The coefficient of variation was 4.4% at 32.2 mg/L and 2.4% at 105.5 mg/L. A human serum pool at a concentration of 10.9 mg/L gave a coefficient of variation of 9.2%, and at 159.8 mg/L gave a coefficient of variation of 2.7%. Creatinine in urine was measured centrally by a modified Jaffe method (Unicel DxC600 Synchron Systems). The coefficient of variation was 2.9% at 7.9 mg/L and 2.8% at 23.1 mg/L. A human serum pool at a concentration of 10.8 mg/L gave a coefficient of variation of 2.6%, and at 103 mg/L gave a coefficient of variation of 1.8%.
Serum creatinine was measured before run-in, 6 weeks after randomization, after 2 years, and at study conclusion. Serum creatinine was measured locally at study sites. From these values, the estimatedglomerularfiltrationrate(eGFR)wascalculatedbymeans of the 4-item Modification of Diet in Renal Disease formula.
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BASELINE AND INCIDENT COVARIATES
Baseline characteristics were obtained through questionnaires and clinical assessment. Fasting glucose and lipid values were obtained locally. Depression was considered present if the participant answered positively to the questions "Have you felt sad, in low spirits or depressed for the past 2 weeks or more?" and "Have you thought of death or required treatment for depression?" Regular alcohol use was defined as 3 or more drinks per week; binge drinking was defined as more than 5 drinks per day. Being physically active was defined as doing exercise 2 to 4 times a week or more. Education level was categorized by the highest attained level. Data were sought regarding prevalent and incident cardiac events (myocardial infarction, angina, hospitalization for heart failure), stroke/transient ischemic attacks, peripheral artery disease, coronary artery bypass grafting, and percutaneous coronary intervention, as well as medication use.
STATISTICAL METHODS
Continuous data were summarized by means and standard deviations, and the comparison across normoalbuminuria, microalbuminuria, and macroalbuminuria was performed via analysis of variance method. Categorical data were presented as frequencies and percentages and then compared with the 2 test. Multivariable logistic regression was used to determine (1) the association between presence and severity of albuminuria (at baseline) and cognitive function at baseline and at follow-up and (2) the association between an increase in albumin excretion during follow-up and decline in cognitive function during follow-up (Figure 1 creatinine ratio and MMSE scores at baseline or baseline and 5 years were included in the corresponding regression analyses. The characteristics of included patients and other participants were compared by unpaired, 2-tailed t tests for continuous variables and 2 test for categorical variables. Multivariate analyses were also used to examine whether ACE inhibitor and/or ARB use modified the association of albuminuria with cognition change.
All models were adjusted for demographic factors (age, sex, and ethnicity [European, Arab, African, native or aboriginal, and other]) and level of education [none, 1-8 years, 9-12 years, trade/technical school, and college/university]), previous cardiovascular disease (CVD), and risk factors, including the following: history of myocardial infarction, angina, coronary artery bypass grafting, and stroke/transient ischemic attacks; eGFR as a continuous variable; hypertension and baseline systolic blood pressure; smoking (never, former, or current); body mass index; lipid levels; and DM and fasting glucose levels. Other factors affecting or possibly affecting cognition were also adjusted for: (1) alcohol use (none, binge [Ͼ5 drinks/d], once a week, 2-4/wk, 5-6/wk, or every day); (2) depression (yes/no); and (3) use of medications: statins, ␤-blockers, antiplatelet agents, calcium-channel blockers, and anticoagulants. For incident changes in MMSE, additional adjustment was made for incident CVD events and for change in eGFR. A 2-tailed PϽ.05 was considered statistically significant. Analyses were performed with SAS version 8.2 (SAS Institute, Inc, Cary, North Carolina).
RESULTS
In total, 28 384 participants with baseline albuminuria levels and MMSE scores were included, of whom 84.0% had normoalbuminuria, 12.5% microalbuminuria, and 3.5% macroalbuminuria ( Table 1) . Compared with participants with normoalbuminuria, those with albuminuria were older; had higher blood pressure, body mass index, and waist circumference; had higher glucose and creatinine levels, lower eGFR, increased low-density lipoprotein cholesterol levels, and reduced high-density lipoprotein cholesterol levels; were less likely to be of European ethnicity; were more likely to currently smoke; more frequently had a history of hypertension, left ventricular hypertrophy, and DM; had less clinical vascular disease; drank alcohol less often; had lower attained levels of education; and were less physically active at baseline. Those with microalbuminuria or macroalbuminuria were also less likely to be taking a statin, a ␤-blocker, or aspirin but were more likely to be taking a diuretic, calcium-channel blocker, or anticoagulant.
BASELINE ALBUMINURIA AND COGNITIVE FUNCTION
Mean (SD) baseline MMSE scores were 27.8 (2.7), 27.2 (3.3), and 26.8 (3.7) in participants with normoalbuminuria, microalbuminuria, and macroalbuminuria, respectively ( Table 2 ; eFigure, http://www.archinternmed .com). There was a graded increase in MMSE score less than 24 with increasing severity of albuminuria. On multivariable analyses (Table 3) , the presence of albuminuria was associated with impaired cognitive function (MMSE score Ͻ24), with odds ratios (ORs) of 1.27 (95% confidence interval [CI], 1.12-1.45) for microalbuminuria and 1.51 (1.22-1.87) for macroalbuminuria. When these analyses were repeated (eTable 1), categorized by sex, English or non-English speaker, white or nonwhite, or highest level of attained education, a similar effect was noted. There was no relationship between baseline MMSE scores and quartiles of urine albumin in participants with albuminuria levels less than 30 mg/g of creatinine (data not shown).
Compared with participants with baseline albuminuria and MMSE values, participants who did not have measured baseline albuminuria and/or MMSE scores had a greater burden of CVD risk factors, lower levels of achieved education, and lower activity levels (eTable 2).
BASELINE ALBUMINURIA AND DECLINE IN COGNITIVE FUNCTION ON FOLLOW-UP
For this analysis, 22 507 participants who had albuminuria and MMSE values at baseline and at follow-up were examined ( Table 4) . A decrease in MMSE score of 3 points or more occurred in 11.0% of participants without albuminuria, 14.5% with microalbuminuria, and 15.0% with macroalbuminuria. On multivariable analyses, baseline microalbuminuria (OR, 1.23; 95% CI, 1.08-1.39), but not macroalbuminuria (OR, 1.25; 95% CI, 0.98-1.59), was significantly associated with a 3-point or greater decline in MMSE score compared with those without albuminuria. When these analyses were repeated (eTable 3), categorized by sex, English or non-English speaker, white or nonwhite, or highest level of attained education, a similar effect was noted. Compared with participants with baseline and follow-up MMSE values, participants without follow-up MMSE values had higher levels of CVD risk factors, more prevalent CVD, lower renal function, higher levels of albuminuria, and lower levels of attained education (eTable 4).
We further examined whether the use of medications (telmisartan from ONTARGET and TRANSCEND, n=8240; ramipril from ONTARGET, n=6184; and the combination of ramipril and telmisartan from ONTARGET, n = 6027) vs placebo (TRANSCEND, n=2056) modified the association of albuminuria with cognitive decline (Table 5) . In unadjusted analyses, there was no overall effect in each treatment group. However, when groups were subdivided by albuminuria status, there was a decrease in the odds of MMSE decline in participants with macroalbuminuria, especially with telmisartan. The overall interaction term of treatment on the odds of MMSE decline approached statistical significance (P = .055) and was significant with adjustment (P=.02).
CHANGE IN URINARY ALBUMIN EXCRETION AND DECLINE IN COGNITIVE FUNCTION ON FOLLOW-UP
This analysis included 19 544 participants with both urine albumin and MMSE measurements at baseline and at follow-up. During follow-up, 83.0% (16 216 of 19 544 participants) had no change in albuminuria status (normo- , and education (none, 1-8 years, 9-12 years, trade/technical school, or college); model 3, further adjusted for history of cardiovascular disease at baseline (myocardial infarction, angina, percutaneous transluminal coronary angioplasty, coronary artery bypass grafting, stroke, and transient ischemic attack), history of diabetes mellitus and hypertension, baseline systolic blood pressure, smoking (never, past, or current), body mass index, and estimated glomerular filtration rate as a continuous variable; and model 4, further adjusted for alcohol use (yes/no, binge), exercise (none, once a week, 2-4 times/wk, 5-6 times/wk, or daily), depression, and medication use (statins, ␤-blockers, antiplatelet drugs, diuretics, calcium-channel blockers, and anticoagulants). The following factors were also significantly (P Ͻ .03) associated with a significantly increased odds of MMSE score less than 24 in model 4: increasing age, being non-European, having no education vs any education, history of stroke/transient ischemic attack, nonsmoker vs former or current smoker, lower body mass index, no alcohol vs use of alcohol or binge alcohol, no exercise vs any amount of exercise, depression, and use of diuretics. , and education (none, 1-8 years, 9-12 years, trade/technical school, or college); model 3, further adjusted for history of cardiovascular disease at baseline and incident cardiovascular disease during follow-up (myocardial infarction, angina, percutaneous transluminal coronary angioplasty, coronary artery bypass grafting, stroke, and transient ischemic attack), history of diabetes mellitus and hypertension, baseline systolic blood pressure, smoking (never, past, or current), body mass index, and estimated glomerular filtration rate as a continuous variable; and model 4, further adjusted for alcohol use (yes/no, binge), exercise (none, once a week, 2-4 times/wk, 5-6 times/wk, or daily), depression, and medication use (statins, ␤-blockers, antiplatelet drugs, diuretics, calcium-channel blockers, and anticoagulants). The following factors were also significantly (P Ͻ .04) associated with a significantly increased odds of a 3-point or greater decrease in MMSE score from baseline to year 5 of follow-up in model 4: increasing age, being African or native vs European, having any education vs no education, a history of stroke/transient ischemic attack or diabetes, no alcohol consumption vs any consumption, and no exercise vs any amount of exercise. Figure 2) . Compared with those whose microalbuminuria regressed to normoalbuminuria, those who remained microalbuminuric or had progression to macroalbuminuria had an increased odds of a 3-point or greater decrease in MMSE score (OR [95% CI], 1.33 [1.00-1.78] and 1.57 [1.07-2.32]). Last, compared with those whose macroalbuminuria regressed to normoalbuminuria, those who remained with macroalbuminuria or had regression to microalbuminuria were 1.50 (95% CI, 0.65-3.50) and 1.73 (0.70-4.29) more likely to have a 3-point or greater decrease in MMSE score.
Compared with participants with baseline and follow-up albuminuria and MMSE values, those without either or both of these values had a higher burden of CVD risk factors, more prevalent CVD, lower renal function, higher levels of albuminuria, and lower levels of attained education (eTable 5). 
COMMENT
This is, to our knowledge, the first study to report both a cross-sectional and a prospective, graded association between a marker of microvascular disease-albuminuriaand the development of cognitive decline. Importantly, this association was independent of clinical cardiovascular and renal disease (prevalent and incident) and cardiovascular risk factors, which cluster with albuminuria. These results are consistent with the notion that albuminuria and cognitive decline may share a common microvascular pathogenesis and progression. It is hypothesized that changes in the cerebral microcirculation contribute to cognitive changes. Owing to the difficulty of studying such changes ante mortem and the lack of specific symptoms referable to them, most evidence for their role is indirect. Such evidence includes magnetic resonance imaging-defined silent strokes, white matter lesions, and white matter hyperintensity in the absence of clinical stroke events 18 and the presence of microvascular risk factors (such as hypertension, DM, and smoking) in people with cognitive impairment. Further evidence comes from cross-sectional studies of the retinal vasculature. Retinal arterioles share common anatomical and physiological characteristics with cerebral arterioles and are affected by hypertension and age. In the Atherosclerosis Risk in Communities Study, any form of retinopathy was associated with increased odds of cognitive impairment. 19 The greater the severity of the retinopathy (microaneurysms, hemorrhages, and exudates), the greater were the odds of impaired cognition. Similar findings were observed in the Cardiovascular Health Study in an older cohort. 20 One study demonstrated retinopathy to be associated with brain white matter hyperintensity. 21 Finally, 3 cross-sectional studies of albuminuria have shown it to be associated with dementia, white matter hyperintensity on magnetic resonance imaging, or poor executive functioning. [4] [5] [6] Additional evidence of an association of microvascular disease and cognitive change comes from several crosssectional studies of albuminuria. In a study of 2316 adults 65 years or older, drawn from the Cardiovascular Health Study, the risk of mild cognitive impairment was increased by 10% and that of dementia by 22% in univariate analysis for each doubling of the urine albumin to creatinine ratio. 4 The association of albuminuria with dementia remained significant in multivariate analysis. In a different study, 5 of 335 elderly participants, the presence of albuminuria was associated with worse executive functioning. In both studies the degree of albuminuria was associated with a graded increase in white matter hyperintensity score. A third study, based on the National Health and Nutrition Examination Survey III data set, also reported an association between albuminuria and cognition but only in people with peripheral artery disease. 6 Three studies have prospectively assessed the association of baseline albuminuria with cognitive change. A study from Australia found that cognitive decline in 204 older diabetic individuals was predicted across 1.5 years by increased urinary albumin excretion. 7 In a study of 140 elderly participants with impaired glucose tolerance, baseline urine albumin to creatinine ratio was associated with a 10% to 20% increased risk, during 1 year, of developing poor cognitive function. 8 Another report 9 showed no crosssectional association between albuminuria and low cognitive scoring in older adults but a statistically significant prospective (6.6 years) association in men. In the largest of these studies, 9 there were only 90 participants with albuminuria. None had the ethnic and geographic diversity of our cohort or the large number of participants, with or without DM and CVD; nor were as many adjustments for covariates done as in our study.
A causal relationship between albuminuria and the development of cognitive change cannot be derived from our study. It is likely, however, that the 2 disorders arose concomitantly. The cerebral and renal circulations are characterized by high flow and low impedance. Autoregulation of the microvasculature serves to bring blood flow to these organs, at the same time limiting excess pressure exposure in the capillaries (reviewed by Mitchell 22 ). Endothelial dysfunction and loss of microvascular autoregulation can disrupt the normal milieu within the extracellular matrix of the brain and kidney. 23 Strain in the microcirculation, for example, can increase the generation of reactive oxygen species. 22 With regard to the modification of study drug on the association of albuminuria with MMSE decline, lower odds of MMSE decline compared with placebo were found with all treatments, especially telmisartan, in the presence of macroalbuminuria. These results are in keeping with our previous analyses that showed renin angiotensin system (RAS) blockade to be consistently effective in lowering proteinuria only in participants with greater than 1 g of protein per gram of creatinine in the urine. 14 The results suggest that, in this relatively small subgroup of study participants, RAS blockade may have been protective of cognitive function. Given the nonrandomized, observational nature of our analyses, such a conclusion should be viewed with caution. However, there is indirect support for our findings. A retrospective analysis of the Cardiovascular Health Study has shown that certain RAS blockers are protective of cognitive decline in people with hypertension. The effect was hypothesized to be due to decreased brain RAS activity. 24 A small, prospective study reported that patients treated with a combination of telmisartan and hydrochlorothiazide showed improvement in cognitive function compared with those treated with a combination of lisinopril and hydrochlorothiazide. 25 The Observational Study on Cognitive Function and Systolic Blood Pressure Reduction demonstrated antihypertensive therapy based on ARB use to be associated with preservation of cognitive function. 26 On the other hand, in the Study on Cognition and Prognosis in the Elderly, ARB use was not associated with lower rates of cognitive decline compared with placebo. 27 None of these studies examined albuminuria and cognition.
Of interest is to view our findings from a population perspective. Studies from the United States estimate that 14.6% to 32.7% of adults 60 years to 80 years or older have microalbuminuria or macroalbuminuria. 28 Among similarly aged adults with DM, the rates are 37.6% to 48.6%. Assuming that the presence of microalbuminuria or macroalbuminuria increases the odds of cognitive impairment by 22% to 44%, it follows that 3.2% to 14.4% of diminished cognitive function is associated with or explained by microalbuminuria or macroalbuminuria and in 8.3% to 21.4% of those with DM. Likewise, assuming that microalbuminuria or macroalbuminuria increases the risk of a decrease in cognitive function by approximately 18%, we estimate that 2.6% to 5.9% of cases of cognitive decline in the general population, and 6.8% to 8.7% in those with DM, are associated with microalbuminuria or macroalbuminuria. These estimates are in accord with estimates of cognitive decline in association with high white matter intensity scores. 29 It should be noted that our estimates apply to a population whose mean age is approximately 10 years younger than the "usual" age at which cognitive impairment appears.
There are several limitations to this study. First, participants in ONTARGET and TRANSCEND had vascular disease or were at high risk for it. These characteristics by themselves can increase the risk of cognitive disease. 2 Our results, therefore, may not be applicable to people with albuminuria without known vascular disease. Second, the MMSE is a general test of cognition, weighted mostly to memory and orientation; it does not capture deficiencies in various domains of cognitive function, nor can it detect subtle changes in frontal lobe executive function, a common early feature of vascular-related cognitive impairment. A simple screening tool such as the MMSE is used in large trials to minimize cost and to lessen inconvenience to the participant. Last, the cohorts for each of the 3 sets of analysis were healthier than those excluded from the analyses for lack of albuminuria or MMSE values. This makes our estimates conservative.
Our findings have clinical implications. They suggest that, among people with macrovascular disease, microvascular disease in one organ system may reflect microvascular disease in another. This may explain why dementia and mild cognitive impairment are more common in people with DM, 30 who have a high prevalence of albuminuria. Our findings offer a possible avenue for screening of people at risk for cognitive impairment. Our findings regarding treatment require confirmation by a dedicated prospective study. 
